Introduction
Attachment of carcinoma cells to the extracellular matrix nnA tha 0~,,~4
o~ll,,ln, m~,,amanf oeo ~m~.t'qn~ ot~no for cell invasion. Integrins, which form a superfamily in c-nmnlinnoo ,xThh n onmhinntinn ns enhunite nro c.oll_r receptors for the extracellular matrix, and integrin expression is be!ieved to affect adhesiveness of cells to extracellular matrix proteins and following migration (Ruoslahti and Giancotti 1989; Albelda 1993; Evans 1992) . Although a good correlation between integrin expression and tumor progression has been noted in melanoma cells and glial tumor cells (Cheresh 1991; Gladson and Cheresh 1991) , the pattern of integrin expression on the other types of malignant tumors appears to be complicated (Korhonen et al. 1992 , Miettinen et al. 1993 , and there is no distinct aggreement on which integrins are responsible for invasion and metastasis of tumor cells. Synthetic peptide analogs of adhesive proteins have been used as potential blockers of distinct integrins in vitro and in vivo (Hirano et ai. i991; Kramer et ai. i986; Steiner et al. 1989; Chen and Hawiger 1991 gen and laminin that bind to the 151, ~3, 155 and [36 family of integrins. Although this observation was of fundamental importance, the RGD sequence alone cannot account for the specificity of integrins for adhesive proteins (Yamada 1991) . It has been reported that the activity of oligopeptides depends on the nature of the fourth amino acid (X) of RGDX sequence (Hirano et al. 1991 ing 10% fetal bovine serum. Matrigel (150 rag) was solidified by airdrying at room temperature under sterile conditions and 400 mi medium was then added to the upper chamber. Carcinoma cells at a concentration of 2 x 105 cells/chamber were overlaid on matrigel, and 0.6 gmol otigopeptides was added to the upper chamber. The lower chamber was filled with 1.5 ml medium. After incubation for 17 h at J/q' ~ in a ~z mcuuatu~, ce[xb uJvatumg LIIIUU~II UI~ l[l~l.Ulgel lnLO tile lower chamber were collected and centrifuged at 5000 rpm for 4 min in a microtest-tube. Cells attached to the wall and roof of the lower chamber were also collected by trypsinization. The numbers of invading cells were counted by fluorometric assay (Huschtscha et al. one-way analysis of variance and followed by contrast statements using a statistical analysis system. ~h~nrnrnofr;o aee'~ Each cell sample was washed twice with phosphate-buffered saline (PBS), pH 7.4, suspended in 2 ml freshly prepared fluorometric assay solution containing 1.2 mM 4-methylumbelliferyl phosphate (Sigma, St. Louis, Mo., USA), 1 mM MgC!2, and 0.2 .m jr! boric acid, and incubated for 3 h at 37 ~ The relative fluorescence of 4-methylumbelliferone measured by a fluorescence electrophotometer 850 (Hitachi, Tokyo, Japan). The waveiengths of the excitation and the emission were 345 nm and 447 nm respectively. The numbers of cells in the lower chamber without any supplement of synthetic peptides in this invasion assay were regarded as 100% invasion and the proportions of invaders treated with the peptides were determined.
Materials and methods

Cell attachment assay
The attachment assay was performed as previously described (Lea- 
Synthetic peptides
Oligopeptides Arg-Gly-Asp (RGD), Arg-Gly-Asp-Ser (RGDS) and Arg-Gly-Glu-Ser (RGES) were purchased from Bachem Inc. (Torrance, Calif., USA), and Atg-Gly-Asp-Val (RGDV), Thr-iie-Giy-SerArg (YIGSR) and Arg-Gly-Asp-Tba" (RGDT) were from Peninsula Laboratories Inc. (Belmont, Calif., USA). Ile-Lys-Val-Aia-Val (IKVAV) was synthesized by an automated model 431A synthesizer (Applied Biosystems, Foster City, Calif., USA) followed by high-
RGDS is a cell-binding site of fibronectin (Pierschbacher and Ruoslahti 1984) , YIGSR of laminin B1 chain (Graf et aI. 1987) , 1KVAV of laminin A chain (Tashiro et al. 1989) , RGDV of vitronectin (Suzuki et al. 1985) , and RGDT of collagen (Pierschbacher and Rno~lahti 1984) . RGD is ~ minimnm ndhe~icm nentide sennence with reconstituted basement membrane matrigel, which contained laminin, collagen type IV, vitronectin, heparan sulfate proteoglycan and entactin as previously described (Kramer et al. 1986; Seftor et al. 1992 ) with some modification. Reconstituted basement membrane was prepared with 500 rag/m! Matrige! diluted in Eagle's mi.nAmum essential medium (MEM, Flow Laboratories, Irvine, Scotland) containlaminin, vitronectin, fibronectin, collagen type I and IV, and bovine serum albumin (BSA) overnight at 4 ~ Each substrate was purified as previously described; that is, vitronectin and fibronectin were from hnm~n nln~rnn (Yntahc~a ~t n] 1QRR" Kawah~a eta!. !989) oral .... types I and IV from human placenta (Ueda and Nakanishi 1989; Minamoto et al. 1988 ) and mouse laminin was isolated from Engelbreth-Hoim-Swarm tumor (Kieinman et al. i982) . Samples containing 1 x 105 cells, in triplicate determinations, were added in 5% BSA in serum-free medium (MEM) and incubated for 4 h at 37 ~ to allow the cells to attach on the snbstrate. To count the number of attached cells, the MTT assay (Mosmann 1983 ) was performed. After removal of non-IJJI~U WILII IUU r k.CJI~ Uy W~-NIIIIIN, tll~ l.JlilL~b WCI~ ml niedium and 10 ml 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT, Sigma, St. Louis, Mo.0 USA) solution (5 mg/ml in PBS), then incubated for 4 h at 37 ~ At the end of the enzymatic reaction the insoluble dye product was solubilized with dimethylsulfnyiclo nncl rnlvocl thnrnnrrhhr qnhr tho ~henrhano~ ~t AOO n~
was read with an enzyme irmnunoassay reader 2550 (BioRad, Richmond, Calif., USA).
Antibodies
Anti-~2131, -c~3~1 and -c~5~31 monoclonal antibodies were purchased from Dako corporation (USA), and anti-(vitronectin receptor) (ccv) polyclonal antibodies were purchased from Telios Pharmaceuticals (LaJolla, Calif., USA). Anti-c~v.g3 polyclonal antibodies were kindly provided by Dr. B. Vogel, anti-~3 antibody (AP3) by Dr. R Newmann, and anti-t35 antibody (IVF2) by Dr. M. Hemler (Pasqualini et al. 1993 ).
Immunoprecipitation of integrins
Cell-surface proteins were iodinized with t25I using lactoperoxidase (Ncmnonla~ro\ . 
CONCENTRATION OF RGDS (I.L tool)
. ~zv~}3 antibodies for 1 h at 4 ~ The solution was applied to protein-G-Sepharose (Pharmacia-LKB, Uppsala, Sweden). The immunocompiexes bound with protein G were eiuted by 0. i M giycine HCI, and run in sodium dodecyl sulfate (polyacrylamide gel electrophoresis (7.5%) under non-reducing conditions. The electrophoresed 125I-labeled proteins were visualized by autoradiography with preflashed X-Omat AR films (Eastman Kodak Co. Rochester, N.Y.).
Cells (0.6 x 104 cells/ml) in serum-free medium were plated on slide glasses coated with purified human fibronectin and vitronectin, collagen and laminin (10 mg/ml), and incubated for 2 h and 17 h. Attached cells were fixed with ! % pmrafo__rm_a!dehyde for 3 rain at room temperature. The cells were reacted with primary antibodies to integrins for 60 min at room temperature. Fluorescein-isothiocyanate (FiTC)-conjugated secondary antibodies were added and incubated for 60 rain at room temperature. As a negative control, mouse IgG was substituted for a primary, antibody. antibodies were 500, 500, 500, 1000 and 1000 respectively. The FITCconjugated anti-(mouse igG) antibodies and anti-(rabbit igG) antibodies (Cappel, West Chester, Pa., USA) were diluted 1:20. 
Inhibition of invasion by synthetic peptides
We examined the dose-dependent inhibitory effect of peptides, using RGDS on OSC-19 cell invasion (Fig. 1) . Since 0.3 Bmol/chamber of RGDS inhibited the invasion, we used that amount for all peptides. Inhibitory effects of the peptides used are shown in Fig. 2 for the invasion assay. Cells cultured sparsely (6000 4-3000 ce!!s/cm a) invaded most actively (11000 +_ 2100 cells)_ The number and standard deviation of invading cells when cultured subconfluently (45000 ___ 7000 cells/cm2) was 9400 _+ 2700, and when cells were cultured confluently (75000 __ 10000 cells/cm 2) was 6400 -t-400 invading cells. We therefore chose the sparse cell density for the
Attachment to extracellular matrix proteins
We examined the ability of cells to attach to purified intact nmtein~ fihranectin laminin_ vitrnnectin_ collagen tone IV.
which are involved in the invasion assay system (Fig. 3) . All cell lines adhered promptly to fibronectin and collagen type IV within 1 h. All cells showed a time lag before adhesion to vitronectin, and OSC-19 cells and HSC-3 cells also showed delayed adhesion to laminin. KB cells did not were immunoprecipitated with polyclonal antiave3 antibodies. Immunoprecipitated samples were separated by sodium dodecyl sulfate/polyacrylamide gel electrophoresis (7.5% acrylamide) in non-reducing conditions, and the bands were visualized h~r ~f~a , q ;~h x r ~k / I~l~o n I~ m~r l -' o r c a r o ; n r l ;~f o r l n n t h~ lo,e+
were also positive for anti-cz2~31 and anti-cGJ]l antibodies. c~5131 integrin was not clearly shown to be present in OSC-19, HSC-3 and KB cells.
r l i 9 n 9 therefore suspected that vitronectin receptors of &v integrins are involved in the inhibitory effect of RGDV on cellular attachment and invasion. Next, we assayed the inhibition of attachment by anti-czv integrins to clarify the involvement of czv integrins in attachment of cells to vitronectin. The result showed that anti-c~v antibodies inhibited the attachment of all cell lines to vitronectin, whereas anti-J31 integrin antibodies did not (Fig. 5 ).
Integrin expression i251 surface labeling and immunoprempitation by poiycional anti-c~v~33 antibodies showed two bands of 160 kDa and 95 kDa in HSC-3 ceils, indicating c~v and ~3, respectively, and a single band of 160 kDa in OSC-19 cells, indicating UI vitronectin, fibronectin, laminin and collagen type IV, 2 h ~f ' f o r ~n o n h~t ; r~n x~r h~n ,~11 o~l l e ~r o enr~r~r~e~rt tr~ ~tt<~oh t n ligands, except for KB cells to laminin as revealed by
Inte, arin~ nlav a key rnle in cell/matrix interacticm in physiological conditions, and i t has been reported that, with malignant transformation, certain types of integrin are up-regulated and involved in tumor progression and metastasis (Ruoslahti and Giancotti 1989; Albelda 1993; Evans 1992) . In the present study, we examined the correlation between the invasiveness and adhesiveness of three squamous carcinoma cell lines with particular attention to the inhibitory effect of adhesion oligopeptides on the invasion model. First we checked three different cell lines in terms of invasiveness using an in vitro invasion assay system that has become a useful tool for evaluating cancer invasion. In fact there have been many reports that have (Fig 6] f~ nnd cry were thnt N RO-IO eell~ infiltrntina intn the ~nhentnnocm~ ti~qne detected in all cell lines; [33 was detected only in HSC-3 of nude mice were able to invade collagen gel, while KB cells. Their staining patterns were diffuse and there was no cells growing expansively in nude mice were not capable of preferential localization on cell membranes. All cell lines infiltrating the gel. Such a difference of invasiveness may correlate to some extent with cell/matrix interaction through cell adhesion molecules because, in the attachment assay, KB cells specifically did not adhere to laminin, and anti-c~v integrin antibody inhibited the attachment of cells to vitronectin.
Secondly, we could demonstrate, in the competitive integrins non-specifically, as RGDS inhibits the attachment n f t h o e o l l~ t n t h o ]~(~I " ) -e n n t n i n i n c r m n t r i ' r n r n t o i n~ v i t r nnectin, fibronectin and fibrinogen (Hirano et al. 1991) . In general, RGD-containing oligopeptides, however, show a distinct perturbation effect on cell/matrix interaction (Hirano et al. 1991; Kouns et al. 1992; Chen and Hawiger 1991) depending on the nature of X in RGDX (Hirano et al. 1991; Pierschbacher and Ruoslahti 1984) . RGDS, RGDV, RGDF, RGDT, and RGDA are known to be active (Hirano et al. 1991) . Scarborough et al. (1993) clarified that disintegrins containing RGDW sequences were specific for integrin ~IIb153 and RGDNP-containing disintegrins were specific for integrin 0w[53. The longer sequences of fibronectin containing a RGD sequence have a the higher affinity to c~5~i, although Rut) peptides have little activity (Pierschbacher and Ruoslahti 1984) . These data indicate that certain amino acid sequences have strong afi'inity to the corresponding integrins. In fact, in our study RGDV was the T h o~o n h o n n m~n n r o r n J n c l ll~ t h n t e o l l~ n c l h o r o t a v i t r n n o r t i n in an RGD-dependent manner by using av integrins; it is well known that receptors for vitronectin are exclusively czv integrins such as c~v[31 (Zhang et al. 1993; Vogel et al. 1990 ), c~v.B3, av.[35 (Smith et al. 1990 ), av.B8 (Moyle et al. t991 ) and ~IIb[33, the platelet integrin (Kouns et al. 1992) . RGDV peptide, which is the selective sequence of vitronectin, would result in a greater avidity for (xv integrins than that shown by RGDS. Thus, it is presumed that RGDV inhibits the invasive ability by interfering with the attachment of ~v integrins to macromolecules, particularly vitronectin. There are many reports of the role of c~v integrin in melanoma cell invasiveness. For example, in melanoma cells a stable transfection of a cDNA encoding the ~v integrin subunit resulted in a dramatically increased tumorigenicity (Felding-Habermann et al. 1992 ) and ow133 integrin expression is linked to tumor progression (Cheresh 1991; Nip et al. 1992 ) and melanoma cell migration !39 (Leaversely et al. 1992) . Among carcinomas, renal cell carcinomas that express ccv integrins have a worse prognosis (Korhonen et al. 1992) . These facts imply that the phenotype with this integrin may be responsible for a wide range of migratory and invasive cellular events. As shown iu the present study, c~vpo-o~, and/or (xvpa,'~" particularly recognized in HSC-3 cells, could contribute to the invasive .~+~+; ~1 }/k] tell LI~I.I.
Both HSC-3 and OSC-19 cells, their invasiveness ~nhlhltort hx; l,~m~n~n_rtor~rg~rt n,~nf~.doe TIZ'%ZA%7 ,~r VI/'~D adhered well to laminin. YIGSR has been reported to enhance metastasis (Graf eta!. !987; !wamoto et a!. 1987) . IKVAV also has been reported to have an important role in invasion (Tashiro et al. ! 989) In the present assay, IKVAV for HSC-3 and YIGSR for OSC-19 were inhibitory peptides. KB cells, which did not attach to laminin, were not inhibited by IKVAV and YIGSR. Cell adhesion molecules to laminin are o~6~1, a6~34, YIGSR receptor and IKVAV receptor, Thus, it is reasonable to think that invasiveness of squamous carcinoma cell lines is partly regulated by c~v integrin expression and it may be possible to inhibit cell invasion by peptides competing for the cell binding domain peptides.
